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I. Introduction. 


UNCERTAINTY still exists concerning the main phases of the life- 
history of the Myxosporidia. Since the two papers by Gurley (93, 
94), the only paper published on the Myxosporidia of American fishes 
is a short one by Tyzzer (:00). The present paper is a result of the 
study of the Myxosporidia of the gall bladders of the fishes of the 
eastern coast of America. A general report of the work has already 
been published by the author (Mavor, : 15). 

Work was begun on a species of Ceratomyxa from the gall bladder 
of Zoarces angularis, which showed abundant spores and stages in 
spore formation. Later a species having spores of the same form and 
size was found in the gall bladder of Urophycis chuss. A study of 
the myxosporidian stage of the two parasites showed them to be 
similar. It was therefore decided to regard them as being the same: 
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species. As the species is a new one, it has been named Ceratomyzra 
acadiensis. 

The only detailed observations on the life-history of a disporous 
form, since the paper of Doflein (’98), are those of Awerinzew (:08, 
:09) on Ceratomyxa drepanopsettae Awer. Awerinzew confines his 
observations in the main to the stages leading to the formation of the 
spores. He found that a binucleated stage of the myxosporidium, 
in which the two nuclei were exactly alike, was followed by a stage 
in which there were four nuclei, two of which were entirely trophic 
in function, while the other two formed, by division, microgametes 
and macrogametes. After a reduction in the chromatin of their 
nuclei, first the protoplasm and then the nuclei of a macrogamete and 
a microgamete fuse. This condition differs fundamentally from the 
conditions in the Polysporea found in Sphaeromyxa sabrezesi by 
Schréder (:07) and in Myxobolus pfeifferi by Keysselitz (: 08), where 
a fusion of the germ-nuclei occurs in the fully formed spores. 

The writer has made a careful study of the very early stages of the 
myxosporidium and of the later stages in the spore formation of C. 
acadiensis in order to extend and to verify in another species of Cera- 
tomyxa Awerinzew’s observations. He has found that in C. acadien- 
sis — as was conjectured by Awerinzew for C. drepanopsettae — a 
stage occurs with a single nucleus and that this nucleus divides into 
two nuclei, which, however, differ from each other in size, staining, 
reaction, and function. ‘The writer, then, has found that there occurs 
in C. acadiensis, even in the binucleated stage, the differentiation of 
the nuclei which Awerinzew found first in the stage with four nuclei. 

Schroder (:07) has described the fusion of the two nuclei in the 
sporoplasm of the fully formed spore, and finds there the caryogamy 
of the life-cycle. On the other hand, Awerinzew (:09), who has 
found a reduction of chromatin followed by a fusion of nuclei in the 
early stages of spore-formation in Ceratomyxa depanopsettae, believes 
that the two nuclei in the germ of the spore do not fuse. 

Experiments were made calculated to ascertain whether or not 
there occurred a fusion of the two germ nuclei in the fully formed spore 
when this had remained for a length of time in the intestine of a host 
fish. These experiments have, however, been unsuccessful, owing 
probably to the spores used not being ripe for transference to the 
intestine or to the conditions of the experiment not being those required 
for the continued life of the parasite. 

It may, however, be said that the constant occurrence of the two 
germ nuclei side by side throughout the process of spore formation 
suggests a later fusion rather than a separation. 
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II. Diagnosis of Ceratomyxa acadiensis, n. sp. 


Myzxosporidium, typically club shaped, with a long tail (PI. III, 
‘igs. 42, 45, 50), often many times the length of the thicker part of 
the body (Pl. III, Fig. 50), but remarkably variable in shape (PI. III, 
Figs. 41, 43, 44, 47, 48, 49). Large individuals may be irregularly 
stellate (Pl. III, 48). The pseudopodia often show a rigidity, as if 
possessing an endoplasmic axis. Certain of the pseudopodia may show 
clumps of protoplasm along their length, the clumps being connected 
by thin hyaline filaments of ectoplasm (PI. III, Fig. 49). Division 
into ectoplasm and endoplasm, though not always clear, is often to be 
made out in the anterior region. In the parasite of Urophycis chuss 
the myxosporidia were very often found attached in large numbers 
to the myxosporidium of an undetermined species, described by the 
author in a previous paper (Mavor, :15). The examination of detached 
individuals showed the connection to be brought about by short pseu- 
dopodia at the anterior end. In the parasite of Zoarces angularis the 
attachment is probably to the epithelium of the gall bladder, as the 
fine pseudopodia are present, but the undetermined myxosporidian 
present in U. chuss seems to be absent. In the parasite of Pseudo- 
pleuronectes americanus no attachment has been observed. The 
dimensions of a typical myxosporidium of the species are: 


Length, excluding tail 12-25 uw 
Width 10-20 u 
Tail up to 60 u 


Spore,? having the form typical for the genus, but very wide, short, 
and slightly compressed dorso-ventrally, with very long fine lateral 
filaments (Fig. A). Polar capsules spherical. Polar filaments not 
visible in the fresh state, but extruded in either concentrated sulphuric 
acid or a solution of iodine in potassic iodide. The average measure- 
ments of spores are as follows: 


Length — sutural axis 7 Sp 
Width — bivalve axis 40—- 50 u 
Diameter of polar capsule 3- 4u 
Length of lateral filaments 250-300 yu 
Length of extruded polar filament 70 u 


Occurrence: (1) in the gall bladder of Urophycis chuss on the coast 
of New Brunswick, Canada. Here the myxosporidium is usually 


— 


2 A more detailed description of the spore will be found on page 566. 
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found attached by its anterior end to an undetermined parasite, prob- 
ably some species of Myxidium or Chloromyxum, which itself is 
attached to the epithelium of the gall bladder. Nine out of ten 
specimens of U. chuss examined were found to be infected; (2) in the 
gall bladder of the eel pout, Zoarces angularis, from the same waters. 
The attachment of the myxosporidium was not observed in this host, 
although the modification of the anterior end of the parasite for 
attachment, as in the parasite of U. chuss, was seen. Each of the 
eight specimens of Z. angularis examined was found to be infected; 
(3) in the gall bladder of the winter flounder, Pseudopleuronectes 
americanus. Here no attachment of the myxosporidium was seen. 
Vegetative forms were found in abundance in the fishes examined, but 
spores only rarely. Of twenty-five flounders examined, all contained 
the parasite. 

Comparison with other species. In size the spores resemble most 
closely those of C. appendiculata Thél. (Thélohan, ’95, p. 337). As 
Thélohan does not give a figure of the spore, and as the only measure- 
ments given are those of the length and sutural diameter, it is impos- 
sible to carry the comparison further. The myxosporidium differs 
from that of C. appendiculata as described by Thélohan in being often 
found attached. 


III. Material and Methods. 


The material for the present investigation was collected in Passa- 
maquoddy Bay at or near the mouth of the St. Croix River during 
August and September, 1913. The hosts of the parasites, in the case 
of the common Hake,— Urophycis chuss,— and the Eel pout,— 
Zoarces angularis,— were caught on the “trawl” * with clam, whelk 
or herring as bait, and in the case of the winter flounder,— Pseudo- 
pleuronectes americanus,—in the seine on low sand flats. The 


3 It is a pleasure to express my obligation to the Board of Directors of the 
Marine Biological Stations of Canada for kind permission to work at the 
Biological Station of the Canadian Government at St. Andrews, New Bruns- 
wick, Canada, and my great indebtedness to Dr. Huntsman, the curator of 
the Station, for putting the resources of the Station at my disposal, and for 
many personal services in obtaining and arranging for the preservation of the 
living material. 

4 The trawl used on the coast of New Brunswick is a set-line, a mile or so in 
length, with hooks, spaced about two fathoms apart, set on the sea bottom 
between two anchors. 
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living fish were brought in a “car” to the laboratory, where they were 
kept alive in tanks supplied with running water. The study of the 
living parasite was made during the months of August and September, 
and all the preserved material was collected during the same period. 

For smear preparations cover glasses were prepared as follows: 
After being cleaned in a mixture of 1 part bichromate of potash and 
1 part concentrated sulphuric acid to 12 parts water, the cover glasses 
were washed, first, in tap water, and then in distilled water, and stored 
in 95% alcohol. When required for use, the alcohol was burned from 
them by passing them through the flame of an alcohol lamp. 

The bile duct of the fish was ligatured and the gall bladder removed 
to a carefully cleaned watch glass, where it was cut open. Into a 
pipette, freshly made from new glass tubing, a small quantity of bile 
was drawn up and thence dropped on the cover glass. Most of the 
bile was then sucked back into the pipette so as to leave on the cover 
glass only a very thin film. The cover glass was then inverted and 
allowed to drop on the fixing fluid in such a way that it was supported 
by the surface tension of the liquid. In this manner the preparations 
were given no opportunity to dry. This is practically the method of 
Dofflein (98), but in all cases the addition of blood to the gall was 
avoided. Although the gall is at times very poor in coagulative 
material, it is nearly always possible by using a perfectly clean cover 
glass to get a good smear preparation. The fixing fluids employed 
were (1) Schaudinn’s fluid, consisting of two parts saturated aqueous 
solution of corrosive sublimate to one part absolute alcohol, used 
either hot or cold, and (2) Hermann’s fluid, consisting of 75 ec. of 1% 
platinic chloride, 4 cc. of 2% osmic acid and 1 ce. of glacial acetic acid. 
These fluids were allowed to act for from five to ten minutes, and the 
cover glasses were then transferred (after Schaudinn’s fluid) to 60% 
alcohol containing iodine, or (after Hermann’s fluid) to distilled 
water. 

The stains used were Giemsa’s azur-eosin or Delafield’s haematoxy- 
lin. Both were diluted before use to one or two per cent. and allowed 
to act for from twenty-four to forty-eight hours. After staining in 
Giemsa’s mixture, the smears were washed in tap water and destained 
in a mixture containing 95% acetone and 5 per cent. xylol. When 
sufficiently destained, they were passed in succession through the fol- 
lowing mixtures: (1) acetone 70 cc. and xylol 30 cc., (2) acetone 50 ce. 
and xylol 50 ce.; (3) pure xylol, and were finally mounted in Canada 
balsam. For the details of this method of using Giemsa’s stain, 
Kisskalt und Hartmann (:10, p. 14) may be consulted. After stain- 
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ing in Delafield’s haematoxylin, smears were either first destained in 
acid alcohol or mounted directly in Canada balsam. 

For the study of attached stages, the wall of the gall bladder was 
sectioned. Pieces of the bladder, opened in a watch glass as described 
above, were fixed in Schaudinn’s fluid, imbedded in paraffin, and cut 
into sections from four to seven yw in thickness. The sections were 
stained in Giemsa’s mixture or in Delafield’s haematoxylin diluted as 
for the smear preparations, or in Heidenhain’s iron haematoxylin. 
In the case of Giemsa’s stain the best results were obtained by wash- 
ing in water rapidly, for twenty seconds or so, and then destaining in a 
mixture of acetone 95 cc. and xylol 5 cc. for eight to ten minutes. 


IV. Stages in the Life-History of C. acadiensis found in 
the Gall Bladder. 


1. Tropuic STAGEs. 


The earliest stage of C. acadiensis which could be recognized as such 
in the gall bladder contained a single nucleus (Pl. 1, Fig. 1). It is 
possessed of a characteristically elongated body with a long tail. 
Such uninucleated myxosporidia were only rarely to be found. There 
can be no doubt, however, from their form and structure, that such 
organisms represent a stage in the life-history of C. acadiensis. There 
is no possibility of confusion with any of the tissue cells of the host, 
e. g., the blood cells. The size of the nucleus, relative to that of the 
succeeding stages, is rather large. It shows a reticular structure, in 
which chromatin granules are embedded. 

The single nucleus of the myxosporidium divides by unequal divi- 
sion giving rise to two nuclei differing in size and staining reaction 
(Pl. I, Figs. 2, 7). The exact nature of this division, whether mitotic 
or amitotic has not been ascertained. It is possible that it resembles 
the “Heteropole Teilung”’ described for Trypanosoma noctuae by 
Schaudinn (: 04, p. 397, Fig. 2c). The small size of the object makes 
the determination of this question unusually difficult. One of these 
nuclei, usually the larger, stains faint red, or almost pink, with 
Giemsa’s stain, while the other stains a deep crimson. Both nuclei 
show an alveolar structure of the achromatin, in the walls of which 
relatively large chromatin granules are found. When stained with 
Delafield’s haematoxylin, these nuclei show at one end, under certain 
conditions, a “Binnenkérper,” distinguishable as a granule slightly 
larger than the others, and surrounded by a clear area (PI. I, Fig. 4); 
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but the intensity with which the two nuclei are stained is usually, as 
in the case of Giemsa’s stain, markedly different. 

The stage with two nuclei is one of the most, if not the most, fre- 
quently found of all the stages in the gall bladder. Hence, either this 
stage must be of long duration or such myxosporidia must be formed 
in abundance. 

The next stage found is one with three nuclei (Pl. I, Fig.8). Usually 
two of these are similar in structure and staining reaction to the small 
dark nucleus of the binucleated stage. On account of the small size 
of the object and the close proximity of the nuclei to one another, 
it has not been possible to observe stages in the division of these nuclei. 
Certain appearances, however, where the two deeply staining nuclei 
lie close together, lead one to the belief that they have arisen from 
the division of a single darkly staining nucleus. 

This stage is followed rapidly by a stage with four nuclei (PI. I, 
Figs. 9, 10), in which two of the nuclei stain very faintly and are 
usually the larger, while the other two stain very deeply and are 
usually somewhat smaller. 

When the stage with four nuclei is reached, the protoplasm of the 
myxosporidium around the two deeply staining nuclei becomes denser 
and alters its staining reaction (PI. I, Fig. 9), so that corresponding to 
each of these nuclei a spherical cell containing a single nucleus is 
formed. These cells may be called “sporoblast-mother-cells”’ since 
they later form the sporoblasts. The two faintly staining nuclei 
remain in the endoplasm of the myxosporidium, and take no part 
in the formation of the sporoblasts. They may be called “tropho- 
nuclei.”’ 

During the stage when the myxosporidium contains four nuclei, 
and possibly in later stages, small chromatin granules are given off 
from the nuclei of the sporoblast-mother-cells (Pl. I, Fig. 10), first 
into the protoplasm of these cells and later into the surrounding endo- 
plasm of the myxosporidium. Here, apparently, they are absorbed, 
since they are not usually found during the later stages of spore 
formation. 

The sporoblast-mother-cells continue to divide until twelve are 
formed (Pl. I, Figs. 13-17). These twelve cells then come together 
and form the sporoblasts. 

If this account be compared with that of Awerinzew (: 09) for C. 
drepanopsettae, a number of differences in the two species will be 
seen. In the binucleated stage described, but not figured, by Awerin- 
zew the two nuclei are similar in all respects. He says (:09, p. 78): 

“Das Améboid mit zwei Kernen bildet sich ohne allen Zweifel aus 
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einem einkernigen durch karyokinetische Teilung des urspriinglichen 
Kernes; die beiden sich auf diese Weise bildenden Kerne sind einander 
vollig gleichwertig und in morphologischer Hinsicht in keiner Weise 
voneinander verschieden.”’ 

The two nuclei in the binucleate stage of the myxosporidium of C. 
acadiensis are not only different in size but they also show a different 
staining reaction. As one of these nuclei, the more faintly staining, 
probably gives rise to the two trophonuclei and the other, the more 
deeply staining, to the nuclei of the sporoblasts, there are already at 
the binucleate stage two kinds of nuclei. This condition was not 
found by Awerinzew until the stage with four nuclei was reached. 

The fact that the two nuclei of the myxosporidium have, the one a 
trophic and the other a propagative function, makes it improbable 
that the binucleated myxosporidium is formed by the fusion of two 
uninucleated individuals as has been supposed by some authors. A 
fusion at this stage is rendered still more improbable by the occurrence 
of stages in the division of the single nucleus. If a fusion of two myxo- 
sporidia really takes place in the life-history, it would seem more 
probable that it occurs between two binucleate individuals, each pos- 
sessing a vegetative and a propagative nucleus. Such a fusion between 
binucleate individuals would be an interesting parallel to the condi- 
tions found by Keysselitz (:08) and Schréder (: 10), where two pairs 
of cells come together to form a pansporoblast. Of the four cells 
found by these authors, one from each pair forms the envelope and 
takes no part in the formation of the sporoblasts, while the other two 
form the two sporoblasts. The nuclei of the two cells which form the 
envelope could then be compared with the two trophonuclei of C. 
acadiensis, while the two cells which form the sporoblasts could be 
compared with the two sporoblast-mother-cells of C. acadiensis. The 
writer has, however, no evidence that such a fusion of myxosporidia 
occurs. and indeed the conditions in the stage with three nuclei is 
strong evidence against this. 

The two accounts (Awerinzew’s and my own) agree in the main 
for the stage with four nuclei, there being in the myxosporidium of 
both C. acadiensis and C. drepanopsettae two trophic nuclei and two 
nuclei of propagative function. 

The formation of microgametes and macrogametes and _ their 
subsequent fusion to form zygotes, I have not observed. It must 
be said, however, that the small size of the object and the close prox- 
imity of the nuclei renders the observation of any such phenomena very 
difficult. 
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2. SPOROGONY. 


A. Formation of the Sporoblasts. 


The first indication of the sporoblasts occurs when twelve of the 
nuclei of the myxosporidium with the more deeply staining protoplasm 
around them arrange themselves in groups of six (Pl. I, Fig. 17). 
The formation of the sporoblasts by the coming together of cells 
originally separate agrees with the observations of Awerinzew (:09) 
on the formation of the spores in Ceratomyxa drepanopsettae Awer. 
The young sporoblasts (Pl. I, Figs. 17, 20, 25) lie side by side in the 
myxosporidium. ‘They are ellipsoidal and the sides in contact are 
usually somewhat flattened (Pl. I, Figs. 18, 20). The protoplasm of 
the sporoblast is usually clearly to be distinguished from that of the 
myxosporidium by reason of its different reaction to stains, as seen 
for example in Plate I, Figure 17, where the protoplasm of the sporo- 
blast is deep blue, while the surrounding protoplasm is faintly stained. 
A sharp differentiation of the protoplasmic masses surrounding the 
separate nuclei of the sporoblast is not to be seen in Figure 17. Such 
a differentiation exists, however, in later stages (Pl. I, Figs. 18, 20, 
23, 24), where capsulogenous cells ® and valve-cells® are clearly to be 
distinguished from each other. 

It has not been possible to distinguish any difference in the nuclei 
which are brought together in the formation of the sporoblasts. They 
are uniform in size and stainability and show from four to ten deeply 
staining granules, mostly at the periphery, connected by achromatic 
strands passing through the nuclei. With Giemsa’s stain these gran- 
ules are deep purple or mauve and the achromatic strands are faint 
red (Pl. I, Fig. 17). In certain cases when these nuclei are stained 
with Delafield’s haematoxylin a slightly larger granule is separated 
from the rest. This granule probably represents the Binnenkérper 
of Schréder (:07). The nuclei resemble those of the sporoblasts of 
Sphaeromyxa sabrazesi Laveran et Mesnil as described by Schroder 
(:07), in their uniform size and chromatic structure, but differ in con- 
taining a relatively smaller number of chromatin granules. 


5 The term “capsulogenous cell’’ is used for the French “cellule capsulogene”’ 
(Thélohan, ’95, p. 280) and for the German ‘“‘ Polkapselzelle.”’ 

6 The term ‘valve cell’’ is used for the French term ‘“ cellule d’enveloppe ”’ 
ad et Mesnil, :05) and the German term ‘Schallenzelle”’ (Keysselitz, 
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Two nuclei are found in the myxosporidium in excess of the twelve 
concerned in the formation of the two sporoblasts (PI. II, Figs. 28 and 
32, where in each case only one of the two nuclei is shown. These 
are the trophonuclei of the earlier stages. They gradually degenerate 
as spore formation advances, but often are still to be seen when the 
myxosporidium contains two almost completely developed spores. 
Since these nuclei degenerate and no other nuclei are found in the 
myxosporidium outside the sporoblasts, the myxosporidium must cease 
to exist at the end of spore-formation. These nuclei are possibly to 
be homologized with the residual nuclei of the polysporea. 

The two sporoblasts are formed in juxtaposition, and remain to- 
gether throughout their development into spores. In the parasite of 
U. chuss the fully formed spores, even after there is little trace of the 
myxosporidium left, are nearly always found in pairs, the members 
of which are in a definite relative position with regard to each other 
(Pl. I, Fig. 39). This is not as evident in the case of the parasite of 
P. americanus. Their position would suggest a close relation between 
the sporoblasts and perhaps the presence of some structure enclosing 
them both. However, no membrane or other limiting structure could 
be seen surrounding the sporoblasts. The pair of sporoblasts may lie 
anywhere in the myxosporidium, with their long axes parallel to, or 
making any angle with the long axis of the myxosporidium. The 
absence here of any structure suggesting a parsporoblast — Pans- 
poroblast, Gurley (’94); Sporoblast erster Ordnung, Biitschli (’81); 
Sphére primitive, Thélohan (’95) — agrees with the conditions de- 
scribed by Awerinzew (’09) for Ceratomyxa drepanopsettae Awer.; 
but in the case of his species the sporoblasts seem not to preserve any 
definite position in relation to each other (cf. Awerinzew :09, Taf. 7, 
Fig. 26, 27, 30). Neither Doflein (’98) nor Thélohan (’95), both of 
whom studied the formation of the sporoblasts in Ceratomyxa, men- 
tion the presence of a pansporoblast, and their figures show no such 
structure. The absence of a pansporoblast from Zschokkella hildae 
Auer. is also mentioned by Auerbach (:09), and from Chloromyxum 
cristatum Léger, by Léger (:06); but in these cases, the sporoblasts 
are formed singly. 

The pansporoblast of the Polysporea contains, in the case of forms 
with two polar capsules, fourteen nuclei. When these nuclei, with 
the differentiated protoplasm surrounding each of them, become asso- 
ciated in groups of six to form the two sporoblasts, two of the four- 
teen nuclei remain in the pansporoblast as “ Restkerne,”’ or residual 
nuclei (cf. Schréder, :07, Taf. 15, Fig. 32, and Keysselitz, : 08, Taf. 13, 
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Fig. 76, Taf. 14, Fig. 77). These two residual nuclei are obviously to 
be compared with the two trophonuclei of the Disporea. This close 
parallelism between the Disporea and the Polysporea in the formation 
of the sporoblasts has been remarked by Doflein (98, p. 309). He says 
in regard to these residual nuclei in the Disporea: “Ich glaube, dieses 
regelmassige Vorkommen in Verein mit dem unten geschielderten 
Verhalten verschiedener disporen Formen erlaubt uns in dieser Kern- 
ausstossung den Ausdruck einer Reduction zu erblicken, und ich werde 
die beiden Kerne in dem Nachfolgenden als ‘ Restkerne’ bezeichen.”’ 
Doflein (: 09, p. 762), however, compares the sporoblast of the Disporea 
with the entire pansporoblast of the Polysporea, a comparison which 
seems justified neither in the light of the very close parallelism in the 
number and arrangement of the nuclei in the myxosporidium of Cera- 
tomyxa and in that of the pansporoblast of polysporic forms, nor in 
the light of the constant relative position of the two sporoblasts in 
Ceratomyxa, which corresponds precisely to the arrangement in the 
pansporoblast. 


B. Development of the Sporoblast into the Spore. 


An early stage of the development of the sporoblasts into spores is 
shown in Plate I, Figures 18, 19, 20, 25. In each of the two sporo- 
blasts the two cells which will later form the valves of the spore-shell 
are seen enveloping the other cells. These cells will henceforth be 
called valve-cells. The nuclei of the valve-cells are situated at the 
opposite ends of the sporoblast (PI. I, Figs. 18 and 20), and are already 
somewhat flattened. 

Such a cellular origin of the valves of the spore-shell among the 
Cnidosporidia was first found by Caullery et Mesnil (:05) in one of the 
Actinomyxidae, Sphaeractinomyxon stolci Caullery et Mesnil. A 
little later this condition was also found in the Myxosporidae simul- 
taneously and independently by Léger (:06, in Chloromyxum truttae 
Léger) and by Mercier (:06, in Myxobolus pfeifferi). These obser- 
vations were confirmed by Léger et Hesse (: 06) for the genera Myxi- 
dium, Henneguya, Myxobolus, and later by Auerbach (:07) for 
different species of Chloromyxum and Myxidium. Léger et Hesse 
(:07) have further found this to be the condition in the new genus 
Coccomyxa. Schréder (:07) has also found it in Sphaeromyxon 
sabrazesi Laveran et Mesnil, and Awerinzew (:09) in Ceratomyxa. 

In the preparation shown in Figures 18, 19, 20, 25 (Pl. I), the last 
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two figures being different views of the same sporoblast, no division 
into separate capsulogenous cells could be made out in the mass of 
protoplasm which contains the two nuclei; but in another sporoblast 
of about the same stage (PI. I, Figs. 23, 24) a differentiation into two 
capsulogenous cells could be seen. As compared with the conditions 
shown in Figure 17 (PI. I), the nuclei of the capsulogenous cells have 
become slightly larger, and the nuclear net does not show clearly, prob- 
ably on account of a movement of achromatin toward the periphery 
of the nucleus. 

The formation of the polar capsules in cells of their own was first 
shown by Biitschli (’81), who was also the first to realize their true 
nature. In some cases, however, the formation of the separate cells 
occurs later in the development when the sporoblasts are already 
formed, as in the polysporic genera Myxobolus (Keysselitz, :08) and 
Sphaeromyxa (Schréder :07). 

The two nuclei of the sporoplasm are seen close together on the left 
in Figure 18 (PI. I), in the middle in Figure 23, and alone in Figure 25. 
Henceforth these two nuclei will be called the germ-nuclei,’ since they 
are the nuclei of the germ carried in the spore-shell. The germ-nuclei 
have retained the size and deeply staining character they had in the 
sporoblast represented in Fig. 17 (Pl. I). A differentiation of the 
sporoplasm into two regions corresponding to the two nuclei was not 
seen; these nuclei were usually found close together and, indeed, 
almost touching each other. The examination of a large number of 
stages in the development of the sporoblast has revealed the constant 
presence of six nuclei in every sporoblast and consequently of two 
nuclei in the future sporoplasm. 

It seems to be a universal condition for the sporoplasm of the myxo- 
sporidian spore to contain two germ nuclei, at least during the later 
stages of the formation of the spore. Thélohan (’95, p. 270) writes 
“Le protoplasma renferme toujours deux noyaux qui sont le plus 
souvent accoles |’un a l’autre, d’une fagon plus ou moins etroite, de 
telle sorte que, dans certains cas, il parait plutot avoir un noyau unique 
un peu allonge et un peu etrangle vers sa partie moyenne.” In more 
recent years two nuclei have been demonstrated in the spores of 
Myxobolus (Auerbach :06), Myxidium (Auerbach :07), Sphaero- 
myxa (Schréder :07), Chloromyxum (Auerbach :07), Ceratomyxa 
(Awerinzew :09), and Zschokkella (Auerbach :09). 


7 The term ‘‘ germ-nuclei”’ is used for the French ‘ noyaux du sporoplasma, 
noyaux du germe,” and for the German “‘ Kerne des Amoeboidkeims.”’ 
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Figures 21 and 22 (Pl. 1), different views of the same sporoblast, 
show a slightly more advanced stage than the previous one. The 
nuclei of the valve-cells and the nuclei of the capsulogenous cells 
have increased slightly in size and the chromatin is nearly all at the 
periphery of the nuclei. The polar capsules have begun to develop, 
as is to be seen by the presence of two clear areas, each containing a 
stained central mass. In preparations stained with Heidenhain’s iron 
haematoxylin there is an evident connection of this mass with the 
protoplasm forming the periphery of the clear area. It would there- 
fore seem that the polar filament is developed from a club-shaped 
mass of protoplasm, which grows out into the vacuole which ulti- 
mately forms the cavity of the capsule. It may, therefore, be that 
the polar filaments, like the valves of the spore envelope, are formed 
from metamorphosed protoplasm. The comparison can be carried 
further, as it is found that the filaments, the walls of the capsules and 
the valves of the spore-shell form continuous structures, which ad- 
here when the two valves are separated and the other parts of the 
spore have disappeared. 

The stage in the development of the polar filament described above 
resembles the stage found in Sphaeromyxa sabrazesi Laveran et 
Mesnil by Schréder, that formed in Myxobolus pfeifferi Th. by Keys- 
selitz (:08) and that in Zschokkella hildae Auerb., by Auerbach (:09). 
Any connection of the nucleus with the formation of the vacuole, 
such as Awerinzew has described for Ceratomyxa drepanopsettae 
Awer., I have not observed. 

A myxosporidium containing two sporoblasts at a slightly more 
advanced stage than that represented in Figures 21 and 22 (PI. II) 
is shown in Figure 28. The separate sporoblasts are represented in 
Figures 26, 27, 29, 30. Here the sporoblasts have elongated without 
increasing greatly in size and their long axes are becoming curved. 
The nuclei of the cells which form the valves show the chromatin at 
the periphery and a clear interior. The nuclei of the capsulogenous 
cells are approaching this condition. The nuclei of the sporoplasm 
show the same condition as in the previous figures. 

A somewhat older stage is shown in Figures 31-34, which represent, 
in the same way as Figures 26-30, a myxosporidium containing two 
sporoblasts. Each sporoblast has increased considerably in size and 
shows a greater curvature of its long axis. The sporoblasts are so 
placed that their concave surfaces are in contact, and they lie usually 
with their bivalve axes ® parallel, and therefore so that one sporoblast 


8 See page 566. 
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has both its ends on the same side of the other sporoblast (Pl. II, 
Figs. 38, 39); but their bivalve axes may make an angle with each 
other, so that the two ends of one sporoblast are on opposite sides of 
the other sporoblast. This close contact of the sporoblasts is con- 
tinued throughout their later development, and even the fully formed 
spores found floating in the bile are usually associated in pairs, and in 
the same relative position as that described for their sporoblasts. In 
each of the sporoblasts one of the polar capsules has reached a more 
advanced stage than the other (PI. II, Figs. 31, 34), for while one 
preserves the condition of the previous stage, the other appears as a 
deeply stained spherical mass, having retained the stain owing to its 
thicker membrane. This inequality in the rate of development of 
the two polar capsules of the same spore seems to be of frequent occur- 
rence in this species, a fact which would indicate an independent action 
on the part of the two capsulogenous cells. The nuclei of the sporo- 
plasm — the germ-nuclei— lie close together in the sporoplasm and are 
so arranged that the nuclei in one sporoblast lie in the end diagonally 
opposite to the end in which the germ-nuclei of the other sporoblast 
lie (PI. II, Fig. 38). This relation of the nuclei of the sporoplasm of a 
pair of sporoblasts is the one usually found, but other arrangements 
occur; e. g., the nuclei of the sporoblasts may lie in the corresponding 
ends of their sporoblasts or one pair may lie in the middle of its 
sporoblast while the other pair lies nearer one end of its sporoblast. 
The latter condition is realized in Figure 39 (Pl. II), where the nuclei 
of the sporoplasm in the left sporoblast, not drawn in the Figure, lie 
in the middle of the sporoblast, and so that a line joining their centres 
would correspond very nearly to the antero-posterior axis of the sporo- 
blast, whereas in the right sporoblast the germ-nuclei occupy the half 
of the sporoblast which is below in the figure. Other cases were found 
where the nuclei of one sporoblast wire far apart and in opposite 
halves of their sporoblast (Pl. II, Fig. 35), while those of the other 
pair were near together in the same half. A myxosporidium con- 
taining a pair of sporoblasts in a still later stage of their development 
into spores is represented in Figure 38 (Pl. IL). The nuclei of the 
sporoblasts are represented diagrammatically by circles, those at a 
deeper focus being indicated by a paler line. In the sporoblasts 
(Pl. II, Figs. 37, 36) the nuclei of the valve-cells show the chromatin 
granules collected in clumps at the periphery of the nucleus, which 
has a clear interior. The nuclei of the capsulogenous cells show a 
similar condition in a slightly less advanced state. The structure of 
the germ-nuclei is as before. The pairs of these nuclei, however, 
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have moved in opposite directions along the antero-posterior axes of 
their respective spores. 

A similar state of affairs is seen in the slightly more advanced sporo- 
blasts shown in Figure 39 (Pl. II). The nuclei of the valve-cells show 
the same condition as that in the stage last described. The regular 
arrangement of the granules at the periphery of the nucleus suggests 
the presence of a nuclear membrane, and in some cases a faint sugges- 
tion of such a structure is to be seen as a continuation of the contour 
of the nucleus between the principal granules (PI. II, Fig. 39, upper 
left hand nucleus). The changes in the nuclei of the valve-cells fol- 
low closely those described for the nuclei of the valve-cells of Sphaer- 
omyxa sabrazesi by Schréder (:07, p. 368), who writes: “Die 
Schalenkerne werden etwas grésser, langlich und flach; ihr Chromatin 
sammelt sich mehr und mehr unter der Kernmembran an.” In the 
right hand sporoblast of Figure 39 (Pl. II), at the lower end of the 
figure, a little above the nucleus of the valve-cell, may be seen a faint 
transverse line, which probably marks the internal boundary of the 
valve-cell; this line is also to be seen in later stages (cf. Pl. II, Fig. 40, 
upper end of spore). 


fil’ lat. 


Figure A. Ceratomyxa acadiensis, n. sp., spore drawn from a fresh 
preparation to show method of orientation and the form; a., anterior margin; 
p., posterior margin; s., left valve; dz., right valve; cps. pol., polar capsule; 
fil. lat., lateral filament. xX 1800 ’ diameters. 


A considerably later stage in the development of the spore, still in 
the gall bladder, is shown in Figure 40 (PI. II). The sporoblast has 
now become a spore. The valve-cells extend out in a lateral direction 
on either side. They are shaped like a cone with a cavity which ex- 
tends about half way towards its apex. The nuclei of the valve-cells 
stain very faintly, only one or two faint granules showing at the 
periphery, the greater part of the chromatic substance having dis- 
appeared. The nuclei of the capsulogenous cells also have shrunk 
somewhat and one of them, the lower in the Figure, is divided into two 
parts. The chromatin substance is still peripheral in position, but 
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separate chromatin granules are not to be distinguished. The two 
germ-nuclei remain unaltered. 
In spores which have been for some time in sea water or in the 


stomach of another host, the nuclei of the valve-cells are no longer ’ 


to be seen and the nuclei of the capsulogenous cells appear as small 
deeply staining masses near the polar capsules. The nuclei of the 
capsulogenous cells in the fully formed spore are described by Thé- 
lohan (’95), Doflein (’98), Plehn (: 04), Schréder (:07), and others, as 
small deeply staining bodies adherent to the polar capsules. 


C. Structure of the Fully Formed Spore. 


In studying the structure of the spore it is convenient to use the 
method of orientation employed by Thélohan (’95, p. 250-251) and 
generally adopted by subsequent writers. Where there is a single 
polar capsule (cps. pol.), or two (Fig. A), or more, close together, the 
part of the spore in which the capsules lie is called anterior (a in Fig. A). 
The plane, a., p. (Fig. A), passing through the suture separating the 
two valves, is called the sutural plane. The spore is oriented by 
placing it with the polar capsules in front, and the sutural plane 
vertically (Fig. A). Then the front is anterior (a, Fig. A), the upper 
surface dorsal, and the lower surface ventral, the right side the right, 
and the left side the left. The sutural diameter (Thélohan, 795, p. 
251) is the greatest diameter in the sutural plane. The bivalve axis 
(dz., s., Fig. A) is the line which measures the greatest distance be- 
tween the two valves, perpendicular to the sutural plane. 

The general shape of the spore of Ceratomyxa acadiensis, may be 
described as that of a spindle of which the longitudinal axis has been 
bent into the are of a circle. The chord of this arc is the bivalve axis, 
and may be called the width of the spore. The convex side of the 
arc is anterior, the concave side, posterior. The sutural axis extends 
in the antero-posterior direction and is equivalent to the length of 
the spore. The two valves are cone-shaped, the pointed ends being 
directed one to the right and the other to the left, and the bases meet 
along the plane of suture. The spore is slightly compressed dorso- 
ventrally. <A slight variation in the form and dimensions of the 
opposite valves was often noticed. This was not, however, constant, 
nor was it sufficient to show the degree of asymmetry found by 
Doflein (’98, p. 284) in such spores as those of C. inaequalis Doflein. 
The lateral filaments extending outwards from the tips of the valves 
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on either side are very long and thin. Their exact 
length in the spore of the parasite from Urophycis 
chuss was not measured. Their extreme fineness 
and great length make this very difficult, except in 
very favorable preparations. ‘They were measured 
in the case of the parasite of Zoarces angularis 
(Fig. B), where they were found to be 3004 in 
length, and in the case of the parasite of P. ameri- 
canus, where they measured about 250 wu in length, 
or from five to six times the width of the spore, 
exclusive of the filaments. In Plate III, Figure 51, 
is shown a myxosporidium in which two spores 
have developed side by side in the relative positions 
described in a previous section. The protoplasm 
of the myxosporidium extends out along the lateral 
filaments of the spores. The lateral filaments were 
not seen at any time wound around the developing 
spores as described by Doflein (’98) for the spores 
of Ceratomyxa linospora. The cavity of the valves 
does not appear to be continued into the filaments. 
The length of these filaments is greater, both rela- 
tively to the width of the spore exclusive of them, 
and absolutely, than the length recorded for the lat- 
eral filaments of any other species of Ceratomyxa. 
The longest lateral filaments hitherto described are 
those of C. linospora Doflein, which are 204 in 
length, or twice the width of the spore excluding 
filaments. In their length these lateral filaments 
may be compared with the long posterior filaments 
found by Nemeczek (:11) attached to the spores of 
Henneguya gigantea Nemeczek, which attain a 
length of 77-100 u, or about nine times the length 
of the spore. Long filaments are most common in 
the two genera Ceratomyxa and Henneguya. 

It is generally believed that the filamentous 
appendages of myxosporidian spores aid the 


Figure B. Ceratomyxa acadiensis, n. sp., spores 
drawn with the Abbé camera lucida from fresh prepara- 
tions; a., from the gall bladder of Zoarces angularis 
showing lateral filaments, lower filament full length, 
upper one cut off; b., from the gall bladder of Urophycis 
chuss showing polar filamentsextruded. X< 270diameters. 
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distribution of the spores, both by retarding the rate at which they 
sink and by rendering them more easily carried by currents. 

The polar capsules are almost spherical and lie close together at 
the anterior end of the spore. They are so oriented that the polar 
filaments when extruded cross each other (Fig. B, b). The extrusion 
of the polar filaments was effected by the action of concentrated sul- 
phuric acid, and by a solution of iodine in potassic iodide, but they 
were not extruded by ammonia-water. The failure of the latter 
reagent may have been due to the spores not having been ripe. When 
extruded the filaments appear as very fine threads of uniform thick- 
ness. 

The sporoplasm as seen in fixed and stained preparations is eccen- 
trically placed (being nearly all in one valve), and contains, in all the 
spores studied from the gall bladder, two compact darkly staining 
nuclei (PI. II, Fig. 40). The dimensions of the spores are given under 
the diagnosis of the species. 


3. ABNORMALITIES IN THE STRUCTURE AND DEVELOPMENT OF SPORES. 


Triradiate spores of C. acadiensis were of frequent occurrence 
in all three hosts of the parasite. These spores may show a fairly 
regular radial symmetry, both as regards the valves and the polar 
capsules (Fig. C, a), or one of the valves may be smaller than the other 
two, while the three polar capsules are of equal size and symmetrically 
arranged (Fig. C, b). 

Cases where a triradiate spore and a normal spore were developing 
in the same myxosporidium were found (Fig. C, c), also cases where 
two triradiate spores were developing together in one myxosporidium. 

The possession of a triradiate spore-shell formed from three cells 
is characteristic of the group Actinomyxidae. The frequent occur- 
rence of triradiate spores, whose shell is presumably formed by three 
cells (since in many cases three polar-capsule nuclei can be seen), 
is interesting as indicating a possible relationship between these two 


groups. 
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Figure C. Ceratom acadiensis, n. sp., abnormalities in spores and 
their development, a and ), triradiate spores from the gall bladder of U. chuss; 
c, myxosporidium containing two sporoblasts, one forming a normal spore, 
the other forming a triradiate spore with three polar capsules, from the gall 
bladder of P. americanus. Drawn from fresh preparations. x 390 diameters. 


V. Summary. 


1. A new species of Ceratomyxa from the gall bladder of Urophycis 
chuss, Zoarces angularis, and Pseudopleuronectes americanus is 
described. 

2. The earliest stage of Ceratomyxa acadiensis n. sp., found in the 
gall bladder, contains a single nucleus. 

3. By a heteropolar division of this single nucleus a trophic and a 
propagative nucleus arise. 

4. The stage of the myxosporidium with four nuclei probably arises 
by the division of the trophic nucleus to form two tropho-nuclei and 
the division of the propagative nucleus to form two propagative nuclei. 

5. The origin of the sporoblasts by the coming together of cells 
originally separate, as described by Awerinzew for Ceratomyxa dre- 
panopsettae, is confirmed for C. acadiensis. tees 

6. The presence of valve-cells and capsulogenous cells is established 
for C. acadiensis. | 

7. The two germ-nuclei can be distinguished in the early stages 
of spore-formation and until the spore is completely formed. 
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EXPLANATION OF PLATES. 


All the figures in Plates I to III were drawn from smear preparations with 
the aid of an Abbé camera lucida, a Zeiss apochromatic 2 mm. oil immersion 
objective and compensating ocular No. 18 at a magnification of 2950 diameters; 
and are reproduced without reduction. 


PLATE I. 


Myxosporidia of Ceratomyxa acadiensis; Figures 1-4, 8 from preparations 
of the bile of Pseudopleuronectes americanus; Figures 5-7, 9-12 from prepara- 
tions of the bile of Urophycis chuss. Figures 1, 2, 4, 8 are from preparations 
stained with Delafield’s haematoxylin; Figures 3, 7. 9-10, 17, 18 from 
preparations stained with Giemsa’s azur-eosin. 


FicgurE 1. Individual with a single nucleus. 

FiGuRE 2. —— containing a large vegetative and a small propagative 
nucleus 

FicureE 3. Individual with two large vegetative and two smaller propaga- 
tive nuclei. 

Figures 4, 5. A myxosporidium containing four nuclei,— Figure 4, showing 
one large vegetative nucleus and two small propagative 
nuclei; Figure 5, at a different level, showing one large 
vegetative nucleus. 


Figure 6. An individual containing a larger vegetative nucleus, stained 
red, and a smaller propagative nucleus, stained dark mauve. 

FigurRE 7. Myxosporidium as in Figure 6. 

Figure 8. An individual with onelarge vegetative nucleus and two small, 
more deeply stained, propagative nuclei. 

FigurRE 9. A myxosporidium containing two larger more faintly staining 


vegetative nuclei and two smaller more deeply staining 
propagative nuclei each surrounded by a protoplasmic area 
stained blue. 

Figure 10. Individual similar to that seen in Figure 9. Just outside one of 
the blue protoplasmic areas can be seen a chromatin mass prob- 
ably extruded from the propagative nucleus nearest to it. 

Figures 11-25. The development of the sporoblast into the spore in C. 
acadiensis from the gall bladder of Urophycis chuss. 

Figures 11, 12, 16. Three views of a myxosporidium containing eight 
nuclei, each surrounded by a differentiated area of protoplasm, 
blue in the preparation. Figure 16 is the appearance at a high 
focus showing one of the nuclei; Figure 11 at the middle 
focus showing five of the nuclei; and Figure 12 at a low 
focus showing two of the nuclei. 

Figures 13-15. Views at three levels of a myxosporidium containing 
eleven nuclei, each with a differentiated area of a 
around it; Figure 13 at a high focus, Figure 15 through the 
middle and Figure 14 at a low focus. 

Figure 17. A myxosporidium containing twelve nuclei with their differ- 
entiated areas of protoplasm (blue in the preparation) arranged 
to form a pair of sporoblasts. 
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Figures 18-20, 25. Individuals containing two sporoblasts. 


Figure 18. 


Figure 19. 


The left sporoblast. At opposite ends are seen the two 
valve-cells containing their flattened nuclei. The germ-nuclei 
are the two more deeply-staining ones nearest the left side 
of the sporoblast. The two nuclei nearest the right side are 
the nuclei of the capsulogenous cells. 

Diagram showing the position of the left and right sporo- 
blasts and their nuclei in the myxosporidium. 


Figures 20, 25. The right sporoblast; Figure 20 showing the ap nce 


at a high focus, at which the valve-cells and the nuclei of the 
capsulogencus cells are seen; Figure 25 showing the appear- 
ance at a low focus, at which the germ-nuclei become visible. 


Figures 21, 22. Two views of an isolated sporoblast; Figure 21 at a high 


focus, showing near the ends the two nuclei of the capsulogen- 
ous cells and at the left the two more deeply-staining germ- 
nuclei; Figure 22, at a deeper focus, showing the two nuclei 
of the cells which form the valves of the shell. 


Figures 23, 24. Two views of an isolated sporoblast; Figure 23 at a high 


focus, showing at the ends the two cells which form the valves 
of the shell and near the center the two germ-nuclei; Figure 
24 at a lower focus, showing the two capsulogenous cells. 
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Figure 28. A diagram of the myxosporidium to show re 


Figure 35. 


FIGURE 36. 


FIGURE 37. 
FIGURE 38. 


FIGurRE 39. 


FicurReE 40. 


PLATE II. 


Ficures 26-30. A myxosporidium containing two sporoblasts. 
Figures 26, 27. Left sporoblast; Figure 26 at a low focus, showing the 


nucleus of a valve-forming cell (above) and the nucleus of a 
capsulogenous cell (below); Figure 27, at a higher focus, 
showing the nucleus of a capsulogenous cell (above), the 
nucleus of a valve-cell (below), and the two _ ee pape 
ations of sporo- 
lasts. On the upper left side is shown a nucleus lying outside 
the sporoblasts, one of the degenerating trophic nuclei. The 
other nuclei are shown diagrammatically as irregular circles. 


Figures 29, 30. The right sporoblast; Figure 29, at a low focus, showing 


the two nuclei of the capsulogenous cells; Figure 30, at a 
higher focus, showing the two nuclei of the valve-cells at 
opposite ends and the two germ-nuclei near the centre. 


Figures 31-34. A myxosporidium containing two sporoblasts. 
Figure 31. Left sporoblast showing (near opposite ends) the two nuclei of 


the valve-cells, the two nuclei of the capsulogenous cells and, 
below the middle, the two deeply-staining germ-nuclei. One 
polar capsule, drawn as a circle, showed in the preparation as 
a deeply-stained mauve sphere, the other, higher up in the 
figure, as a clear unstained area. 


Figure 32. The myxosporidium showing the positions of the sporoblasts 


and their nuclei. The small nucleus near the centre, drawn 
in detail, lies outside the sporoblasts; it is one of the degen- 
erating trophic nuclei. The other nuclei are drawn diagram- 
matically as irregular circles. 


Figures 33, 34. Right sporoblast; Figure 33, at a low focus, showing the 


two germ-nuclei; Figure 34, at a higher focus, showing, at 

the ends, the two nuclei of the valve-cells and, in the middle, 

the nuclei of the capsulogenous cells. The polar capsules 

v< wed the same difference in development as in the left sporo- 
last 

Advanced stage in the development of a spore, showing germ- 
nuclei far apart. 

Upper of the two spores shown in Figure 38, showing the nuclei 
of the two valve cells at the ends, the polar capsules and near 
to them the nuclei of the capsulogenous cells. The germ nuclei 
lie together on the left side and are smaller and more deeply 
stained than the others. 

The lower of the two spores in Figure 38. 

A showing the positions of the two 

young 

Two sienett. fully developed speres. The germ-nuclei are seen 
in the right hand spore; but not in the left. 

A fully developed spore from the gall bladder. The capsulo- 

genous nuclei are degenerating as are also the valve nuclei. 
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PLATE III. 


Myxosporidia of Ceratomyxa acadiensis drawn from life. All the figures, 
with the exception of Figure 51, were drawn with a 4 mm. objective and 
ocular X 6 at a magnification of 660 diameters. 


Figure 41. Myxosporidium containing two sporoblasts, and showing in 
the anterior part a nucleus. From the gall bladder of Pseudo- 
pleuronectes americanus. 

Figure 42. Myxosporidium containing two sporoblasts. From gall bladder 
of P. americanus. 

Figure 43. Myxosporidium containing two sporoblasts. From gall bladder 
of Zoarces angularis. 

Figure 44. Myxosporidium containing two sporoblasts. From gall bladder 
of P. americanus. 

Fiagures 45-47. Myxosporidia. From the gall bladder of Z. angularis. 

Figures 48, 49. Myxosporidia each containing two sporoblasts. From the 
gall bladder of P. americanus. 

Figure 50. Myxosporidium. From the gall bladder of Z. angularis. 

Figure 51. Myxosporidium containing two spores and showing proto- 
plasmic prolongations in which are spore filaments. From 
the gall bladder of P. americanus. X 320. 
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